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Seven strains of Aspergill is fumigatus and five strains of
Paecilomyces varioti known to produce trans-l-epoxysuccinic acid
(ESA) in a fermentation medium were compared for total acid production.

It was found that A. fumigatus NRRL 2327 accumulated the

greatest concentration of total acid determined by titration for soluble
calcium.
Using a method of gas -liquid chromatography developed 1or this
study, it was found that P. varioti NRRL 1123 accumulated significant
quantities of ESA and succinic acid and a trace of an unidentified acid
in a fermentation medium.

The maximum accumulation of ESA was

not reached by the 9th day of incubation although maximum growth had
been reached by the 3rd day.

Investigations on the effect of metallic

cations on ESA production by P. varioti NRRL 1123 revealed that
ions of copper and iron in combination were necessary for ESA
production.

INTRODUCTION

Tartaric acid is used in the soft drink industry, confectionary
products, dyes, ceramics, and as a laxative.

The dibutyl and diethyl

ester derivatives are used in lacquers and in textile printing.
I,(+)tartaric acid, the commercially produced isomer, is a by-product
of the fermentation of grape wine (19).

Thus, its proth,:tion is

restricted quantitatively and geographically to the grape wine industry.
Tartaric acid is not produced in the United States and no economically
competitive synthetic process for its manufacture is known.
Trans -1-epoxysuccinic acid (ESA) was first isolated and identilied as a fungal product by Sakaguchi (1-).

The molds were later

identified by Raper (15) as Paecilornyces varioti NRRL 1282 and
Penicillium vermiculaturn NRRL 1009.

Birkenshaw, et al. (3) isolated

trans-l-epoxysuccinic acid from a culture of Aspergillus fumigatus
NRRL 1986.
Meso-tartaric acid can be produced by boiling trans-1-epoxysuccinic acid in aqueous solution (15).

The fermentative production

of trans-l-epoxysuccinic acid and subsequent conversion to mesotartaric acid could serve as a readily available source of tartaric
acid.

The development of a domestic source of tartaric acid would

1

2
insure the availability of this important materi,.:1 at a stable price, and
thus contribute to the economic wellare and health of the United States.
This investigation was init'ated for three purposes: to determine
what nutritional parameter- will effect an increase in the yield of
trans - -epoxysuccinic acid; to evaluate and develop analytical procedures tor the detection and quantitation of trans-l-epoxysuccinic
acid in fungal cultures; and to investigate by what metabolic process
trans-l-epoxysuccinic acid is produced.

REVIEW OF LITERATURE

Metabolism of trans-l-Epoxysuccinic Acid
Trans -1-epcxysuccinic acid (ESA) can be produced by molds
from a variety of substrates including some 2-carbon compounds (7).
Thus, the precursor to ESA should occupy a central position in the
metabolism of the organism.

The high yields obtainable and further

oxidation of the acid by organisms producing it indicate ESA is
probably an intermediate in a modified respiratory cycle, similar
to the C4 dicarboxylic acids of the Krebs' cycle (15).
Nomura, Takahashi, and Sakaguchi (17) reported that Monilia
formosa, reclassified by Raper as Paecilomyces varioti (15), when
grown in the presence of C

14
02, produced ESA with carbons 1 and

4 having the same specific activity as the mean value of the specific
activity of carbon 1 and 6 of citric acid produced in the same system.
They proposed that oxaloacetic acid is a common precursor to both
acids.
Martin and Foster (15) theorized that malic acid is the immediate
precursor.

They reasoned that ESA would be formed by a dehy-dro-

generation reaction similar to the reaction that produces oxaloacetic
acid.

This scheme is analogous to the chemical formation of ESA
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where the H and Cl atoms from carbon 2 and 3 respectively of
monochlormalic acid are removed and the epoxide ring closed.
Aida and Foster (1) grew Aspergillus furnigatus in the presence
18 and found that 20% of the oxygen in ESA was derived from
of 02
molecular oxygen.
to form ESA.

They postulated that fumaric acid was oxygenated

Further radioactive tracer experiments were performed

by Wilkoff and Martin

Experiments with acetate -I-C 14 and

glycolate -1-C 14 produced ESA having C14 labeled carboxyl groups.
This suggests the carbon skeleton of the ESA was formed via the
glyoxylic acid cycle but does not eliminate the citric acid cycle.

Us

of fumarate-1,4-C 14 and furnarate-2,3-C 14 revealed that the carbon
skeleton of furnaric acid is incorporated into ESA intact.
with oxygen as H2O

Studies

18 demonstrated that the epoxide oxygen
and 0,

is derived from molecular oxygen only.

The possibility that malic

acid or oxaloacetic acid is the precursor is eliminated by the absence
of 018 in the epoxide group of ESA formed in the presence of
H7018.
Several bacteria, fungi, and a yeast capable of using ESA as
the sole carbon source have been isolated. Enzyme studies on
Flavobacteriurn revealed that cells grown on ESA were simultaneously
adapt( d to oxidized rneso-tartaric acid.

Cells grown on rneso-tartaric

acid were not back adapted to utilize ESA. These data indicated the
first step in the utilization of ESA is rneso-tartrate.

IVIeso-tartrate

is not ordinarily accumulated in cultures attacking ESA, but may
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be trapped as the insoluble calcjum salt if a hig

concentration of

Ca-+4 ions are present (15).
mere are two general metabolic pathways for the utilization of
tartaric aciu by microorganisms.

Pscudornonas t.-pecies and

Aspergillu.s nig.f...
r convert -3,,rtaric acid to oxaloacetic acid via a
dehydration reaction (7).

Pseuclomonas putida (8), Pseudornonas

acidovorans (8,9), and Penicillium cha.rlesii (7), catabolize tartaric
acid via an oxidation to oxaloglycolic acid followed by a reductive
decarboxylation to glyceric acid (8,10).

Alternatively, the oxalo-

glycolic acid may participate in a reaction where 2 molecules of
oxaloglycolic acid react to form hydroxpyruvate, tartronic
sen- ialdehyde, and CO2. The hydroxypyruvate and tartronic
semialdehyde are then converted to glyceric acid (8).

The glyceric

acid, as a phosphate, may enter the glycolytic pathway.

Fermentative Production of trans-1-Epoxysuccinic Acid
The accumulation of a specific metabolic intermediate may be
induced or the yield increased in culture of a microorganism by
inhibiting the enzyme system necessary for the destruction of the
desired metabolite or by blocking enzyme systems of side reactions
that compete for common precursors.

This can be accomplished by

regulating the metallic cation content of the fermentation medium.
A process utilizing this technique is the production of citric acid by
Aspergillus niger in deep tank fermentation (19).

If a relatively
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impure carbohydrate material is used to prepare the substrate, as
little as 0.2 p. p. tn. of iron will result in little or no citric acid
being accumulated.

Further refinement of the substrate or the

addition of copper ions which have an antagonitic effect toward iron
ions will increase the conversion of carbohydrate to citric acid to over
80%.
It has been demonstrated that metallic cations narticipate in
the metabolic destruction of tartaric acid and thus, the destruction
of ESA.

Mahansrnith et al. (14) found that a 1.0 rnM concentration of

ferric ions in the medium will prevent a glucose -induced inhibition
of tartrate utilization in Aspergillus flavus.
had no effect.

The addition of zinc ions

7<,.'latt arid Gander (6) demonstrated that a 0.01 mivl

concentration of rnanganous ions was required for the uptake of
tartrate by stationary cultures of Penicilliurn charlesii containing
high concentrations of ammonium ions.

Enzyme studies by Kohn

et al. (12) revealed that tartrate dehydrogenase from Pseudornonas
putida
_ requires rnanganous ions for activity.
_

Manganous ions also

catalyze the non-enzymatic conversion of oxaloglycolic acid to
hydroxypyruvate, tartronic semialdehyde, and CO2 (8).

Hulbert

and Jakoby (5) showed that tartrate dehydrase from Pseudornonas
putida required ferrous ions for activity.
A specific metabolic intermediate may be accumulated if it
can be entrapped in a form not available to the organism or its

7

enzymes.

The inclusion of CaCO3 in the fermentation media might

allow the ESA produced to form its calcium salt and be excluded as
a substrate (16).

Reported Yields of trans-1-E_poxL2uccinic Acid
The theoretical yield of ESA from glucose is 73%.

Sakaguchi

et al. (18) reported yields oi 10-15% from Paecilomyces varioti
NR R.1_, 1283 grown on a 10% glucose salts broth.

Martin and Foster (15)

obtained a maximum yield of 21% conversion by Aspergillus fumigatus
when grown on a 3% glucose broth for four days at 30 C on a reciprocal shaker.

Moyer (16) increased the yield to 32% by adding 3%

methanol to a 14% glucose -crude nutrient-salts broth inoculated
with A. furnigatus and incubated for 10 days at 30 C.
The application of techniques available today should result in
an improvement in the fermentative yield of ESA.

This would provide

the first step in the development of a domestic and economical
process for the manufacture of tartaric acid.

aer

MATERIALS AND METHODS

Organisms Studied
The molds studied in this research were seven strains of
Aspergillus fumigatus and five strains of Paecilornyces varioti.

The

cultures known to produce ESA were obtained from Dorothy Fennel of
the Northern Regional Research Laboratory at Peoria, Illinois.

The

cultures surveyed were: Aspergillus fumigatus NRRL 163,
A. fumigatus NRRL 164, A. fumigatus NRRL 174, A. fumigatus
NRRL 1986, A. fumigatus NRRL 2309, A. fumigatus NRRL 2327,
A. fumigatus NRRL 2328, Paecilomyces varioti NRRL 1115,
P. varioti NRRL 1118, P. varioti NRRL 1123, P. varioti NRRL 1124,
and P. varioti NRRL 1272.

These were the strains investigated by

Moyer (16).

Preparation of Standard lnocula
Spores to be used as inocula were cAtivated by culturing the
fungi on corn bran and distilled water.

Screw top culture tubes

size 20 x 150 mm were loosely filled with 4 to 4. 5 gm of corn bran
to a depth of approximately 7 cm.
in 5 to 7 ml volumes.

Distilled water was added to each

The culture tubes were then sterilized by
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autoclaving for 30 minutes. Inoculation was made by transferring a
loopfull of spores and mycelium pregrown on stock Sabouraud
Dextrose Agar (Difco, Detriot, Michigan). The cultures were
incubated at 30 C with the screw tops loose until abundant spore
development had occurred in 7 to 10 days.

The cultures were

then stored at 5 C with the screw tops tight.
Spore suspensions were prepared by transferring 10 ml of
sterile distilled water onto a corn bran spore culture and allowing
it to soak into the bran.

Using the pipette as a tamper, the corn

bran was then pressed gently to the bottom of the tube allowing the
water to rise to the surface carrying with it the spores.

The

supernatant was then taken up in the pipette and transferred to a
dilution bottle.
The concentration of spores in the spore suspension was
determined by the Improved Neu.baur Hemocytorneter Method for
counting white blood cells as described by Armstrong (2).
counts were made per suspension and averaged.

Two

Trial counts

obtained by this method were compared to counts determined by
conventional standard plate counts and found to be in agreement.
In all experiments a standard inoculurn of 1.0 million fungal spores
in 1.0 ml was used.
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Fe rmentation Media
Medium 1 as described by Moyer (16) consisted of the following
ingredients made to one liter: glucose inonohydrate, 150 gm;
corn steep liquor, 10 gm; refiners blackstrap molasses, 20 gm;
MgSO4. 7H20, 0. 25 gm; NH4)2SO4, 0. 70 gm; KH2PO4, 0.30 gm;
ZnSO4.7112,0, 0.044 gm.

A modification to this medium was that

4. 0 gm of sterile CaCO3 rather than 1.5 gm was added to each
culture prior to inoculation.
Medium 2 consisted of the following ingredients made up to
one liter: 200 gm refiners blackstrap molasses, MgS04- 7H2O,
0.25 gm;(NH4)2504, 2. 50 gm; KH2PO4, 0. 30 gm.

To each culture

was added 4.0 gm of sterile CaCO3 prior to inoculation.

This

medium was also prepared using decationized refiners blackstrap
molasses.

Decationization was performed by passing a 20%

solution of molasses in water through a bed filled with Amberlite
IR 120 resin (Rohn and Haas, Philadelphia, Pennsylvania) in the
hydrogen form.

The bed contained one pound of resin having a

volume of 0.02 cubic foot of resin.

The flow rate was 90-100 ml

per minute.

Harvest of Cultures
Cultures were harvested by filtering the beer through two
layers of cheesecloth in a glass funnel.

The retained mycelium was

washed twice with deionized water and the wash was added to the beer.
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Mycelial weights were determined by drying the mycelium in an
oven at 100 C overnight and weighing to the nearest 0.1 gm.

Analysis of Organic Acids
Earlier works on the fermentative production of ESA (3,16,18)
reiied on product isolation for the quantitative determination of ESA.
This technique is laborious, time consuming, and does not lend to a
simultaneous determination of other organic acids present in the beer.
At the time this research was begun, an accurate analytical technique
for the determination and quantitation of ESA and other organic acids
in culture filtrates had not been developed and had to be a major aspect
of this work.
A means of estimating the amount of ESA accumulation in a
culture is by the determination of soluble calcium in the culture
filtrate by titration with disodium ethylene diarnine tetracetate.
medium contained an excess of CaCO3'

The

Thus, there is a stoichiom-

etry ratio of one mole of soluble calcium per mole of ESA produced.
The reagents for this procedure are as follows: EDTA reagent,
4 gm Na2 EDTA and 0. I gm MgCl2. H20 in water to 800 ml;
indicator solution, 0.5 gm Eriochrome Black T in 100 ml of 70%
ethanol; inhibitor solution, 5 gm Na-S• 9Hz° in 100 ml water; buffer
solution, 6.75 gm NH4C1 in 570 ml of 33% (v./v,) NH4OH made to
1 liter.

To prepare the calcium standard solution, 1 gm CaCO3

(Baker Reagent Grade, Phillipsburg, New Jersey) is dissolved in
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dilute HC1 and boiled for 5 minutes.

Two drops of methyl red were

added and the solution adjusted to an intermediate color with NH 0H
4
or HC1, the volume was made to 1 liter.

One milliliter of this

solution equals 1 mgm CaCO or 0.4 mgrn calcium.
3
The volume of the beer was recorded and a 1.0 ml aliquot
served as the sample to be tested.

The sample was first diluted to

50 ml with deionized water followed by the addition of 1 ml of buffer,
1 ml of inhibitor solution, and 3 drops of Eriochrome Black T
solution.

The mixture was then titrated rapidly to a blue end -point.

The calcium value was then read from a standard curve.

The

standard curve was prepared by titrating the EDTA reagent against
the calcium standard solution by this procedure.
Estimates of ESA accumulatic>n made by this procedure are
subject to several sources of error. Soluble calcium may be present
in the beer due to the production of acids other than ESA. Organic
acids produced and then further metabolized may have contributed to
the soluble calcium of the beer without accumulating in significant
quantities.

Some soluble calcium in the beer may have been present

due to the sequestering action of compounds having adjacent hydroxyl
groups in the cis configuration. In the actively respiring cultures,
the condition of high amounts of CO from respiration and the
2
neutralization of acids by CaCO may have led to the formation of
3
Ca(HCO3)2.

This may also have contributed to the soluble calcium

concentration,
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If an organic acid such as oxalic acid or tartaric acid whose
calcium salt is insoluble in water was produced, the calcium
salt would be removed from the beer when the mycelium was filtered
off.

An organic acid of this type would not have contributed to the

soluble calcium concentration in the beer.
Paper chromatography has been employed for the determination
of ESA and other organic acids present in culture filtrates (15).

Paper

chromatographs were developed by the method described by Denison
and Phares (4).

The solvent system used was ethyl ether: acetic

acid: water [16:1:1 (v/v)].

Acids were revealed as yellow spots after

spraying the dry plates with 0.04% brom cresol green solution.
Preliminary investigations showed that better separation of spots
could be achieved by substituting cellulose (0.1 mm thick) on
aluminum thin-layer plates (Brinkman Instrument, Inc., Westbury,
New York) for Whatman no. I paper.
solid phase were severely tailed.

The spots produced on either

This limited accurate quantitation

and, consequently, the use of paper or thin -layer chromatography in
this research.
Several methods for the gas chromatographic: determination of
organic acids have been described (13). This technique has never
been employed for the analysis of culture filtrates for ESA.

The

following system of gas-liquid chromatography was developed for
this research.
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Prior to harvesting the cultures, the pH of the culture was
adjusted to 1.5 with concentrated Ii SO to free all organic acids
2 4
present.

A flake of octadecanol was added as an antifoaniing agent..

The use of HC1 as an acidulant could result in the conversion of ESA
to monochlormalic acid (18).

This was substantiated by the

appearance of a new peak on the recorder graph when HCI was
employed.

The culture was then harvested, and the volume of the

beer was made to 100 ml and centrifuged at 12,000 g for 5 minutes.
The supernatant was extracted with ethyl ether in a continuous
extractor for two hours.

The extract was evaporated to dryness in

a hot water bath and placed in a 100 C drying oven for 30 minutes.
Methyl esters of the acid were prepared by diazomethylation.

An

ether solution of cliazomethane (freshly generated from Diazald,
Aldrich Chemical

Corporation, Inc. , Milwaukee, Wisconsin) was

added to the dried extract residue until no more nitrogen was expelled
and the solution remained bright yellow.
this stage for several hours.

The samples were left at

The excess solvent was evaporated

and the solution was adjusted to a volume of 5 mi.

The column

consisted of 10% polyphenyl ether as the stationary phase on
Anakron ABS of 80/90 mesh size as support,.
of 0.25 inch diameter was used.

A 5.0 ft copper column

The columns were installed in a

Varian Aerograph 200 gas chrornatograph.

Working conditions for

gas -liquid chromatography were: column temperature, 170 C;
thermal conductivity detector temperature, 225 C; injector temperature,

15
210 C; and helium carrier gas flow, 120 ml/minute. Injections of
5

1 were made using a 10

Hamilton syringe.

When accurate

volumes were to be delivered, 1 p,1 of ether was first sucked up into
the syringe to compensate for the dead volume of the needle and to
help wash the sample out of the syringe quantitatively.

An

Omniscribe 1 rn`ii recorder with an integrator was used.
A sample of trans-1-epoxysuccinic acid was donated by the
Northern Regional Research Laboratory, Peoria, Illinois.

The

identify of the sample was verified by Dr. Norman Holy (Chemistry
Department, Western Kentucky University) by the use of nuclear
magnetic resonance.

Other standards purchased were: meso-

tartaric acid, Nutritional Biochemical Corp., Cleveland, Ohio;
succinic acid, Mallinckrodt Chemical Works, St. Louis, Missouri;
oxalic acid, Allied Chemicals, Morristown, New Jersey; fumaric
acid, .f. 1.

r Chemical Company, Phillipsburg, New Jersey;

and cis-oxalacetic acid, Sigma Chemical Company, St, Louis,
Missouri.

Quantitative standards of ESA and succinic acid were

prepared in a range of 0.5 to 3.0% (w/v).
The method of gas-liquid chromatography employed allowed for
complete separation and symmetrical peaks of the methyl esters of
all the standards with the exception of the oxalacetate pair. In the
investigated range of concentrations, a linear relationship was
obtained between the areas recorded and the quantities of dimethylsue c mate and dimethyl epoxy succinate injected.
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An estimation of total acids accumulated in the beer made by
summation of the quantities of individual organic acids determined
by gas -liquid chromatography may be low due to the presence of
organic acids which will not register a peak under the conditions
employed.
This method of gas-liquid chromatography can provide
simultaneous qualitative and quantitative determination of ESA and
other organic acids present in culture filtrates.

Determination of Glucose Concentration
Glucose concentrations were determined by the glucose oxidase
reagent strip method (Clinistix, Ames Company, Elkhart, Indiana).
Samples were diluted with water until a negative reading was achieved.
This dilution was then compared to a glucose monohydrate standard
(Cerelose Dextrose 2001, CPC international Inc., Englewood Cliff,
New Jersey) prepared by this procedure.

RESULTS AND DISCUSSION

Strain Selection
The 12 strains of fungi known to produce ESA were compared
to determine which strain would accumulate the greatest concentration
of acids in a fermentation medium without development of any
adverse characteristics.

This strain would be used in later

investigations.
A series of 250 ml Erlenmeyer flasks containing 50 ml of
Medium 1 was inoculated with a standard inoculurn of ungerminated
spores of the 12 strains tested.

The flasks were incubated at 30 C

for 12 days on a rotary shaker (1.3 cm radius, 220 rpm).

Total

acid concentrations were determined by titration for soluble calcium.
.2ergillus lumi_gatus NRRL 2327 accumulated the
It was found that ks
highest concentration of soluble calcium in the beer (Table 1).
However, this strain produced a very dark and viscous beer that was
difficult to filter.

No other strain produced a rnucid beer.

A. fumigatus NRRL 1986, the strain studied by Birkshaw, et al. (3),
and Paecilornyces varioti NRRL 1282, the strain investigated by
Sakaguchi (18), were found to accumulate inferior concentration of
soluble calcium than other strains tested.
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Because A. fumigatus is

TABLE I
Comparison of Total Acid Accumulation by Strains of Fungi

Strain

Soluble Ca+ f
(Gram /Culture)

Total Acid
(Grams ESA/Culture)

0.0454
0.0279
0.1340
0.1955
0.1120
0.3355
0.1189

0.150
0.092
0.442
0.645
0.370
1.107
0.392

0.2556
0.2035
0.
.2156
0.2960
0.2066

0.845
0.672
0.711
0.977
0.682

Aspergillus fumigatus
NRRL
NRRL
NRRL
NRRL
NRRL
NRRL
NRRL

163
164
174
1986
2309
2327
2328

Paecilomyces varioti
NRRL
NRRL
NRRL
NRRL
NRRL

1115
1118
1123
1124
1282

GC

known to be a potential pathogen and the other 6 strains did not
accumulate as high a concentration of acid as did the strains of
P. varioti, its use in later experiments was foregone.

The five

strains of P. varioti accumulated similar concentrations of soluble
calcium.

P. varioti NRRL 1123 was chosen to be used in later

in

Time Study
An experiment was performed to determine on which day of
incubation the maximum accumulation of total acids and ESA was
achieved.

This determined which day cultures should be harvested

in later investigations.
A series of 250 ml Erlenmewr flasks containing 50 ml of
Medium 1 were inoculated with a standard inoculum of nongerminated
spores of Paecilomyces varioti NRRL 1123.

The flasks were incu-

bated at 30 G on a rotary shaker (1.3 cm radius, 220 rpm).

The

cultures were harvested at 3, 5, 7, 9, and 11 days.
Total acid concentration and mycelia] weights were determined
Lir cultures harvested each day.

Individual organic acids were

determined by gas-liquid chromatography and glucose consumption
was determined by glucose oxidase reagent strip method for cultures
harvested on days 5, 7, and 9.

Measurable amounts of succinic acid

and ESA were found to be present in the beer.

In addition, a very

small peak appeared whose retention time did not match that of
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any standard.

The unidentified peak appeared between the peaks

for dimethyl oxalacetate and dimethyl meso-tartrate.
Total acid concentration in the beer determined by titration for
soluble calcium was found not to increase after day 7 (Table 2).
'Total acid concentration as determined by gas -liquid chromatography
was found to be increasing on day 9 (Table 3, Figure 1).

The

discrepancy in the values for grams of total acid per culture
determined by the two methods can be explained by the sources of
error for each method discussed in the materials and methods section.
The values obtained by gas -liquid chromatography were considered to
be more accurate.
Mycelial weight reached a maximum by day 3 (Table 2, Figure 1).
Glucose consumption continued to day 9 (Table 3, Figure 1).

These

data indicate there is some inhibition of growth after the initial 3 days
of fermentation.

The concentration of succinic: acid in the beer was

found to remain almost constant through days 5 to 7 (Table 3).

The

concentration of ESA in the beer increased between days 7 and 9.
From the slope of the line for ESA concentration (Figure 1), it can
be seen that ESA is produced after the initial growth phase by mature
mycelium. A mechanism that competes with ESA production may be
active during spore germination and growth.

This system is similar

to the fermentative production of citric acid (19) where growth occurs
in the first 50 hours of fermentation at which time growth is inhibited
and citric acid accumulation begins.

TABLE 2
Total Acids and Mycelial Weights of Cultures of
Paecilomyces varioti NRRL 1123 of Different Ages

Soluble Calcium
(Gram /Culture)

Total Acid
(Calculated as Gram ESA/Culture)

Mycelium
(Grams/Culture)

3

0.1308

0.432

6.8

5

0.1491

0.492

6.4

7

0.1822

0.601

6.8

9

0.1631

0.604

6.3

11

0.1828

0.603

6.5

Age
(Days)

Es.)

TABLE 3
Organic Acids and Glucose Consumption of Cultures of
Paecilomyces varioti NRRL 1123 of Different Ages

Age
(Days)

ESA
(Gram/Culture)

Succinic Acid
(Gram /Culture)

Total Acid
(Gram /Culture)

Glucose Consumed
(Gram/Culture)

5

0.135

0.015

0.150

5.48

7

O. 275

O. 020

0. 295

6.23

9

0.340

0.020

0.360

6.33

•

23

FIGURE 1.

ESA, Mycelia.' Weight, and Glucose Uptake of Cultures
of Paecilornyces varioti NRRL 1123 of Different Ages
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These results indicated that maximum accumulation of ESA
may not have been reached by day 9.

A longer incubation period may

be necessary to accumulate the maximum concentration of ESA
possible.

Martin and Foster (15) reported niaxirnum accumulation of

ESA after 4 days of fermentation.

In their investigations, pregrown

mycelium served as the inoculurn.

In this study, ungerminated

spores served as the inoculurn and mycelial growth occurred during
the first three days of fermentation.

This might account for the

difference in length of fermentation.

Moyer (la) utilized a 10 to 12

day incubation period which agreed with the results of this study.

Effect of Metallic Cations
Many studies have related microbial growth and metabolism to
the metallic cation concentration in the medium.

Since research has

demonstrated that ESA is produced by fungi, a study was performed to
determine if the accumulation of ESA is influenced by regulation of
the metallic cation content of a fermentation medium. If a metallic
cation can be shown to affect the accumulation of ESA, its regulation
in medium may lead to an increase in the yield of ESA.
A series of 250 ml Erlenmeyer flasks containing 50 ml of
decationized Medium 2 was prepared. /Vetallic cations were added
to the medium as salt solutions.

To one set of flasks was added a

solution of Mn SO • H 0 to achieve a manganese ion concentration of
2 4 2
0. 01 ruM.

A solution of FeC13•61-1 0 was added to a second set to
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provide an iron iDn concentration of 1.0 'TIM.

A third set received

a solution of CuSO4 5}-1O to achieve a copper ion concentration of
1.0 mM. To a fourth set was added both FeCl3 6H20and
CuSO4 511z0to provide a concentration of 1.0 mM each.

As

controls, a set of flasks containing Medium 2 and a set of flasks
containing decationized Medium 2 with no metallic cations added
were prepared.

The flasks were inoculated with a standard inoculum

of ungerminated spores of Paecilomyces varioti NRRL 1123.

The

cultures were incubated on a rotary shaker (1.3 cm radius, 220 rpm)
at 30 C for 7 days.
Organic acids were determined by gas -liquid chromatography
The results show that

and mycelial weights were determined.

significant amounts of succinic acid and ESA accumulated in nondecationized Medium 2 (Table 4). In decationized Medium 2, the
amount of succinic acid and ESA accumulated was only a trace.
This indicated that one or more metallic cations are necessary
for the accumulation of succinic acid and ESA.
It has been demonstrated that ions of manganese participate in
the metabolism of tartrates (6,8,12).

A 0.01

. concentration of

ferric ions will prevent a glucose induced inhibition of tartrate
utilization in cultures of Aspergillus flavus (14).

The results

(Table 4) showed that the addition of iron ions had no effect on the
accumulation of ESA and succinic acid.

TABLE 4
Effect of Metallic Cations on the Accumulation of
ESA and Succinic Acid and Mycelial Weight

Media

Total Acid
Dry Weight Mycelium
Succinic Acid
ESA
(Gram/Culture)
(Gram/Culture) (Gram/Culture) (Gram/Culture)

0.240

6.6

Medium 2

0.225

0.015

Decationized Medium 2

Trace

Trace

6.1

Decationized Medium 2+Mn

Trace

Trace

6.5

Decationized Medium 2+Fe

Trace

Trace

6.8

Decationized Medium 2+Cu

Trace

Trace

6.7

Decationized Medium 24Fe+Cu

(1,2",

0.015

2.65

5.1

27
It has been found that copper ions have an antagonistic effect
toward iron when present in the citric acid fermentation (19).
Tartrate dehydrase of Pseudomonas putida required iron ions for
activity (5).

If such an enzyme is present in this system, the

inclusion of copper ions to the medium may counteract the role of
iron necessary for the metabolic destruction of tartrates and thus,
cause an increased accumulation of ESA.

The inclusion of copper

ions in decationized Medium 2 had no effect on the accumulation of
ESA and succinic acid.
The inclusion of ions of copper and iron to decationized Medium
2 resulted in an accumulation of ESA and succinic acid similar to that
obtained in nondecationized Medium 2 (Table 4).

These results

indicated that the accumulation of ESA is analogous to the fermentative production of citric acid (19).

The presence of iron ions alone

result in little or no citric acid accumulation.

Small amounts of iron

are essential for the metabolism of the fungi and the inclusion of
copper ions to the fermentation medium counteracts the adverse
effects of iron on citric acid production.

This study showed that

iron and copper ions in combination resulted in ESA and succinic
acid accumulation.
Mycelial weights of cultures of decationized Medium 2 with
ions of copper and iron in combination were slightly lower than the
mycelial weights of the other cultures (Table 4). In the fermentative
production of citric acid (19), growth is inhibited by the addition of
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copper ions to the medium.

This study showed that growth was

inhibited by the combination of copper and iron in the medium.
The balance of ions of copper and iron in a fermentation
medium may, while inhibiting growth, allow for increased
accumulation of ESA.

Further investigations on the balance of

metallic cations in a fermentation medium may lead to the improvement of yield necessary to a commercially feasible process.

SUMMARY

Seven strains of Aspergillus furnigatus and five strains of
Paecilornyces varioti known to produce ESA were compared for
total acid production in a fermentation medium.

Determination of

total acid accumulation was made by titration for soluble calcium.
it was found that A. fumigatus NRRL 2327 accumulated the greatest
concentration of total acid but also produced a dark and viscous
beer.

Because A. fumigatus has pathogenic capabilities, P. varioti

NRRL 1123 was chosen for further study.
An analytical procedure employing gas-liquid chromatography
for the simultaneous qualitative and quantitative determination of
ESA and other organic acids present in culture filtrates was
developed.

Using this procedure, it was found that Paecilomices

varioti NRRL 1123 accumulated significant quantities of ESA and
succinic acid and a trace of an unidentified acid in fermentation
medium.

The maximum accumulation of ESA was not reached by the

9th day of incubation although maximum growth had been reached by
the 3d day. Investigations on the effect of metallic cations on ESA
production by P. varioti NRRL 1123 revealed that ions of copper and
iron in combination were necessary for ESA production.
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